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ABSTRACT 

A method is given for assessing the effectiveness of 
a manned space flight mission payload during the planning stage. 
Effectiveness is taken to be the performance of a given payload 
compared to the ultimate payload that could be fiown on the 
given mission. The worth of the payload is found as a sum over 
all experiments assignedto the mission of four factors: 1) 
priority rating of the experiment discipline among agency goals, 
2)  priority rating of the experiment in its discipline, 3 )  
rating of suitability to the particular mission, and 4 )  likeli- 
hood of success. General rules are given for assessing the 
total cost of the mission, as well as a set of performance 
indices. Comparison of w o r t h ,  cost and performance indices 
for alternate payloads, together with an assessment of the 
resulting program of all missions should make possible a wise 
assignment of payloads. 

(NASA-CR-132661) MISSICN EFFECTIVENESS IN 
PAYLOAD P L A N N I N G  (Bel lcomm, fnc,) 14 p 

N79-72400 

1 ' .  . 



BELLCOMM, INC. 
955 L'ENFANT PLAZA NORTH, S.W. WASHINGTON. D. C. 20024 

SUBJECT: Mission Effectiveness in 
Payload Planning - Case 234 

DATE: May 7 , 1969 

FROM: F. G. Allen 

MEMORANDUM FOR FILE 
c 

Our purpose is to propose criteria and procedures for 
judging the effectiveness of manned space missions, with par- 
ticular emphasis on the planning of payloads. While we address 
the effectiveness of individual missions, each mission must, of 
course, be viewed in the context of an entire program. 

Frame of Reference 

We are considering manned earth orbital mission pay- 
loads in the 1975-1985 time frame. 

Mission will mean any given space station with its 
logistics flights and associated modules, or individual missions 
apart from space stations, and the experiment payloads assigned 
to each. 

Mission Effectiveness will be taken to mean the per- 
formance of agency goals by a candidate mission payload as 
compared to the ultimate performance that can be conceived for 
that mission and spacecraft. 

Assessment of mission effectiveness is viewed as a 
tool to judge competing missions in the planning stage. 

Criteria 

The two most important criteria for this effectiveness 
will be that 

1. the worth of the payload should be maximized; 
and 

2. the cos t  of performing the mission should be - minimized. 

By maximizing the worth and minimizing the cost, the 

The evaluation of worth and cost is, of course, 

"cost effectiveness" is automatically maximized. 

extremely difficult in the real world. We shall first indicate 
the formal procedure one would use if all necessary formation 
and judgments were a v a i l a r  This is useful in structuring 
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t h e  problem, and s u g g e s t s  s i m p l i f i e d  approaches.  W e  later 
d e f i n e  a set  of i n d i c e s  of e f f e c t i v e n e s s  which, wh i l e  n o t  as 
g e n e r a l l y  u s e f u l  a s  worth or cos t ,  can be ob ta ined  more 
r e a d i l y  and s e r v e  as u s e f u l  i n d i c a t o r s  f o r  comparison. 

as fo l lows :  
The worth of a miss ion  payload can be broken down 

Worth, (WM) = A sum over  a l l  exper iments ,  of 
Agency P r i o r i t y  among D i s c i p l i n e s ,  ( P  ) ,  t i m e s  

t i m e s  Likel ihood of Success ,  ( L s ) ,  t i m e s  S u i t a -  
b i l i t y  t o  t h e  Mission,  (SM). 

A 
P r i e r i t . .  1 cf experiments .;,.ithi= a Discipline, (FD), 

S t a t e d  mathemat ica l ly ,  

N 

i=l 
WM - - PAi'PDi'LSi'SMi 

where i p e r t a i n s  t o  t h e  i t h  experiment  on a payload of N 
experiments .  

A l l  t e r m s  on t h e  r i g h t  of (1) run  from 0 t o  1 0 0 ,  t h e  

H e r e  

larger t h e  number t h e  b e t t e r  t h e  r a t i n g .  

1) PA i s  t h e  p r i o r i t y  of t h e  d i s c i p l i n e  i n  f u l f i l l i n g  
major agency o b j e c t i v e s .  
manned miss ion  d u r a t i o n  du r ing  t h e  AAP might r a t e  

PD i s  t h e  p r i o r i t y  of t h e  experiment  w i t h i n  i t s  

might r a t e  a 1 0 0  among a l l  astronomy o b j e c t i v e s .  

For example, e x t e n s i o n  of 

PA=loo .  

-r d i s c i p l i n e .  Thus, d u r i n g  t h e  AAP an ATM experiment  
2) 

3 )  Ls i s  t h e  l i k e l i h o o d  of s u c c e s s ,  judged by a )  r e l i a -  
K l i t y  of i n v e s t i g a t i n g  team, b )  l i k e l i h o o d  t h a t  
hardware and systems w i l l  perform as planned,  c )  
a v a i l a b i l i t y  of f a l l - b a c k  r e s u l t s  i n  degraded mode, 
and d )  l i k e l i h o o d  t h a t  d e c i s i v e  r e s u l t s  w i l l  be  
ob ta ined .  
some experiments  a r e  "gambles" f o r  h igh  s t a k e s  - i . e . ,  
even i f  a l l  equipment works, no r e s u l t s  may o c c u r . )  

(The l a t t e r  t a k e s  account  of t h e  f a c t  t h a t  
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4 )  SM i s  t h e  S u i t a b i l i t y  t o  t h e  Miss ion ,  judged by 
t h e  match between t h e  experiment  requi rements  
and t h e  m i s s i o n ' s  p r o p e r t i e s  as to :  

- 

a )  o r b i t a l  c h a r a c t e r i s t i c s  ( e a r t h  coverage, 
r e s o l u t i o n ,  r a d i a t i o n  l e v e l s ,  sky v i s i -  
b i l i t y ,  e tc . )  ; 

b )  a v a i l a b i l i t y  of a t t i t u d e  or p o i n t i n g  
c o n t r o l  ; 

c)  d u r a t i o n ;  

d )  a s t r o n a u t  services a v a i l a b l e  (number of 
c r e w  hour s ,  s p e c i a l i s t s ,  e t c . ) ;  

e )  i n t e r f e r e n c e  with o ther  experiments .  

The cost of t h e  miss ion  payload can be  broken down i n t o  

experiment  cost  from d e f i n i t i o n  through f i n a l  
d a t a  a n a l y s i s ;  

1) 

2) cost of experiment  i n t e g r a t i o n  i n t o  t h e  space- 
c r a f t ,  i n c l u d i n g  a l l  special system and hardware 
requi rements  such a s  a t t i t u d e  c o n t r o l  and 
t e l eme t ry ;  

3 )  weight ,  volume, and power requi rements ;  

4 )  cost of s e p a r a t e  module and a l l  i t s  sys tems,  
i f  r e q u i r e d ;  

5)  a s t r o n a u t  t i m e  r e q u i r e d ,  from p r e - f l i g h t  
t r a i n i n g  through p o s t - f l i g h t  b r i e f i n g s ;  

6 )  o t h e r  disadvantageous f a c t o r s ,  such as t y i n g  
t h e  schedule  of launch t o  t h e  r e a d i n e s s  of  
a l l  payload elements;  

7 )  programmatic v u l n e r a b i l i t y  i n  l o s i n g  t o o  
much w i t h  one f a i l u r e .  
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Effectiveness of Mission in Overall Program 

Clearly, the effectiveness of not only individual 
missions, but of the overall program must be assessed. The 
results of this will in general provide guidance for choices 
among individual missions. 

The general criteria the program as a whole must 
satisfy are 

1) Balance and Completeness. No large gaps in 

2) Timeliness. First priority objectives fly first, 

3+c?mLL; -- ;m..rr*+--..L ----I-- 
U c I b u c I I L I A L y  -LutyvA L a l l L  aycirLy ~ i -  iiis~iplii-iary 90ciis. 

and no missions go that will be out of date when 
flown. 

3 )  Flexibility. Quick response to major discoveries 
or adaptation to program failures or changes. 

4) Growth, with Big Goals. Major current objectives 
and a program leading to major capabilities in 
the future should be emphasized. 

Procedure 

I. To assess Mission Effectiveness, we must first have in 
hand or develop by analysis: 

1) Broad agency objectives and priorities.* 

2 )  Objectives and priorities in each discipline.* 

3 )  One or more alternative missions to assess for a 
given time and orbit, with approximate configura- 
tions and logistics specified and a set of 
prioritized experiments assigned as a payload. 

4) Likelihood of success of each experiment. 

5) Suitability of each experiment to its assigned 
mission. 

An appendix to this memorandum shows in tabular 
form: 

*Initial mission effectiveness can be estimated before a l l  
such priorities are assigned by arbitrarily assigning all objec- 
tives and disciplines equal priorities. Some suggested priority 
groupings are given in the appendix. 
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F igu re  1 - Overall A s s e s s m e n t  of Payload Worth 
F igu re  2 - Suggested P r i o r i t y  of Experiment 

D i s c i p l i n e s  i n  Agency, 
F igu re  3 - Experiment P r i o r i t y  Within D i s c i p l i n e ,  

P D , f o r  Various D i s c i p l i n e s  
F igu re  4 - Likel ihood of Success  of Each Experiment,  

F igu re  5 - Miss ion  S u i t a b i l i t y  of Each Experiment,  
LS 

sM 

I n  these f i g u r e s ,  rough g u i d e l i n e s  are  g iven  f o r  a s s e s -  
s i n g  numerical  p r i o r i t i e s  i n  a l l  c a t e g o r i e s .  

11. The procedure w i l l  then  be  

1) Perform t h e  sums i n d i c a t e d  i n  Equat ion (1) t o  o b t a i n  
worth. 

2 )  E s t i m a t e  t o t a l  costs of t h e  miss ion:  

a )  f o r  t h e  experiment payload;  

b) f o r  t h e  s p a c e c r a f t ,  experiment  modules, 
experiment i n t e g r a t i o n  and launch module 
cost ;  

c )  f o r  t h e  l o g i s t i c s  cos t ;  

d )  f o r  t h e  c r e w  s i z e  and t i m e  r e q u i r e d  by 
experiments .  

3 )  C a l c u l a t e  t h e  fo l lowing  i n d i c e s .  These w i l l  be  
v a l u a b l e  i n  comparing mis s ions ,  and can u s u a l l y  

ob ta ined  more r e a d i l y  than  e i t h e r  t h e  worth - 
c o s t :  

c o s t  i n  d o l l a r s  pe r  pound of experiment  
flown; 

f r a c t i o n  of a v a i l a b l e  payload c a p a b i l i t y  
(weight ,  volume and/or power) a c t u a l l y  used ;  

f r a c t i o n  of p o s t u l a t e d  crew t i m e  a c t u a l l y  
used;  

d e r i v e  a mission-payload s u i t a b i l i t y  f a c t o r  
f r o m  t h e  experiment s u i t a b i l i t y  f a c t o r s ,  SM, 
by summing up a l l  experiment  s u i t a b i l i t y  f a c t o r s  
t i m e s  t h e  weight i n  pounds of each experiment  
and d i v i d i n g  by t h e  t o t a l  weight  of exper iments .  



BELLCOMM. INC. - 6 -  

4 )  A comparison of t h e  worth v a l u e s ,  w i t h  t h e  cost 
v a l u e s ,  a ided  by t h e  i n d i c e s  i n  3 ) ,  should indi- 
c a t e  a choice between a l t e r n a t e  mis s ions .  

5)  A m a s t e r  p l o t  of a l l  mi s s ions  on a worth (ver t ica l  
a x i s )  v e r s u s  c o s t  ( h o r i z o n t a l  a x i s ) =  i n d i c a t e  
g e n e r a l  cost e f f e c t i v e n e s s .  

- 

111. To assess t h e  e n t i r e  program of  m i s s i o n s ,  w e  must t h e n  
add t h e  o b j e c t i v e s  a t t a c k e d  by a l l  i n d i v i d u a l  m i s s i o n s ,  
compare w i t h  t h e  agency and d i s c i p l i n a r y  o b j e c t i v e s  and 
judge r'ur completeness, t imel. iness,  ctc. $?here gass o r  
d u p l i c a t i o n s  are found,  i n d i v i d u a l  m i s s i o n s  must be re- 
planned.  

1015-FGA-caw 
6f*& 

F. G.  A l l en  

At tachmen t 
Appendix: F igu res  1-5 
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